For both of the London and Pippard types of superconductors, the lattice sum of magnetic dipolar interaction is calculated on the assumption that the spin system forms a lattice structure with cubic symmetry. From this result, we prove that the dipolar interaction influenced by supercurrents tends to lead the stability (instability) of the antiferromagnetic (ferromagnetic) configuration of localized moments. § 1. Introduction
For both of the London and Pippard types of superconductors, the lattice sum of magnetic dipolar interaction is calculated on the assumption that the spin system forms a lattice structure with cubic symmetry. From this result, we prove that the dipolar interaction influenced by supercurrents tends to lead the stability (instability) of the antiferromagnetic (ferromagnetic) configuration of localized moments. § 1. Introduction
One of the characteristic features of superconductivity is that a term A -2 A 2 (where A is the magnetic potential and A is London's penetration depth) in the Lagrangian density keeps a magnetic field out of the interior of the superconductor. As is easily confirmed, combination of this term and Maxwell's equation leads to the situation where the photon described by the magnetic potential acquires a mass proportional to A -2.1) Thus, any interaction mediated by the quasiparticle of the A-field would be under the strong influence of the Meissner-Ochsenfeld effect. In recent papers/H) we have discussed various interesting behaviors of magnetic dipolar interaction (referred to as MDI) in the presence of the Meissner-Ochsenfeld effect, particularly in the interplay phenomena of superconductivity and magnetic order. The purpose of this paper is to show that for both of the London and Pippard types of superconductors, MDI influenced by supercurrents gives a negative energy to the assembly of localized moments in an antiferromagnetic configuration, while it gives a positive energy in ferromagnetic configuration. Thus, in the following calculations, we prove that indifferently to the type of superconductor, the Meissner-Ochsenfeld effect is favorable to the stability of the antiferromagnetic state. On the other hand, the stability of the ferromagnetic state is weakened by the same effect. § 2. Formulation
In terms of the magnetic potential A, the current operator can be expressed as
The system we are considering is isotropic, so that the kernel Q depends on rand r' only through Ir-r'l. We' first derive the expression for MDI without assuming the concrete structure of Q. Combining Eq. (1) with Maxwell's equation, we have the following transverse photon propagator in momentum (h)-space,
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where
with k=(kx,ky,kz) and k=lkl. A-2 M(-k 2 ) corresponds to the mass term of the propagator. The photon-mediated interaction between two localized moments is obtained from the interaction Hamiltonian, (4) with the position vector rj of the moment 8 j . Here g and /-1B are the.gyromagnetic ratio and Bohr magneton, respectively. With the aid of Eq. (2) , conventional second order perturbation theory leads to the expression for MD!,
with r= n -r2 and r=lrl. aj (j=1, 2) stands for the unit vector directing to the spin vector 8 j • Making use of the relation (5), we calculate the spin coupling energy (due to MD!) for the assembly of magnetic moments embedded in a superconductor. When this assembly is in an antiferromagnetic configuration, we have
G"(r)=(J2G(r)/(Jr 2 , rm=(mxd, myd, mzd), rn=(nxd, nyd, nzd), rmn=lrm-rnl
and d is the distartce between nearest-neighbor moments (mj and nj (j=x, y, z) are integers). The functions F(r) and G(r) are given by (9) (10)
In the above, we have assumed that the lattice under consideration is of cubic At the present stage, we consider the function I(r) defined as
I(r)=F(r)-(1/3)G"(r) .
(12)
Use of Eqs. (9) and (10) leads to (13) which is equivalent to the following integration:
Here the contour C can be closed around an inifinite semicircle in the upper half of the complex z-plane, and 1m 
It is easily shown that Eq. (15) always has a solution x for a given A. In fact, x is determined from a point of intersection of the two curves, y= x and y=A-
decreases with increasing x, we find the relation, x ~ A-I (Fig. 1) . Thus, applying Cauchy'S theorem to Eq. (14), we
substitution of which into Eqs. (8) and (11) 
Since the lattice is assumed to be of cubic symmetry, both E~F and" E1; vanish in the normal state (corresponding to the limit A-HlO 
which can be solved numerically (Fig. 2) . Thus, putting as X=A-I(/)(~/A) with the function of ~/A, (/), determined from Eq. (15), we have
With use of this relation, the lattice sums in Eqs. (17) and (18) lead to the numerical results illustrated in Figs. 3(a) and (b) . One of the characteristic features for these results is that in the ferromagnetic configuration of the localized moments, the spin coupling energy is significantly enhanced by the A-terms; the enhancement is of the order (gf.1.B)2 5(5 + 1) /£2 per magnetic moment (where .Q is the volume of the unit cell).
Thus, the Meissner-Ochsenfeld effect is proved to be unfavorable to the ferromgnetic configuration in the s'4Perconducting state. From similar discussion, it can be shown that E~F takes a negative value (although its absolute value is very small), i. e.,
per magnetic moment. This indicates that the stability of the antiferromagnetic configuration is slightly enhanced by the Meissner-Ochsenfeld effect. Thus, we find that the effects of supercurrents on the stabilities of the antiferromagnetic and ferromagnetic spin configurations are quite different from each other. § 3. Concluding remarks This section is devoted to summary of the above results. Our discussion is based on the following expression for the modified MD!,
(r=n-r2 and r=lrl) (24) where M and x are respectively defined by Eqs. (3) and (15). In the London type superconductor, the kernel Q in Eq. (3) is given by It is instructive to compare HD given by Eq. (24) with the Matsumoto-TachikiUmezawa formula,S) (27) Here y(q) is the Fourier-transform of the spin interaction coefficient (between localized moments) in the normal state, and y(q) is the interaction coefficient modified by the shielding effect of supercurrents. This formula is derived on the assumption that y is composed of all the possible spin interactions such as spin exchange interaction, RKKY interaction, magnetic dipolar interaction, etc. However, it is natural to consider that the shielding effect depends on the type of spin interaction under consideration. In this sense, the formula (27) is not necessarily sufficient, when we investigate how each interaction is influenced by supercurrents. At the limit A -> co (corresponding to the normal state), r is equal to y. On the other hand, Hn given by Eq. (24) coincides with the following well-known relation,
at the same limit. When the spin system forms a lattice structure with cubic symmetry, we can easily show that the lattice sum of HE vanishes completely for the antiferromagnetic and ferromagnetic spin configurations. Thus HE makes no contribution toward the total energy of the spin system in these configurations. However, the lattice sum is non·vanishing in the superconducting state, owing to the modified expression (24).
From analysis of such a lattice sum, we have found that MDI influenced by supercurrents tends to lead the stability (instability) of the antiferromagnetic (ferromagnetic) spin configuration. Finally, we briefly consider the stable spin configurations in the simultaneous presence of MDI and the short range interaction (Hex) represented by a single nearest neighbor exchange parameter J. The magnitude of J would be almost independent of the shielding effect of supercurrents, because the characteristic shielding length is much longer than the nearest neighbor distance between magnetic moments. When J is positive, combination of MDI and Hex makes the antiferromagnetic state stable, since both of the interactions are favorable to the stability of this state. Qn the other hand, when J is negative, the ferromagnetic configuration is not necessarily stable, owing to MDI (which enhances the energy of this state). In this case, one of the favorable spin configuration is spiral ordering with successive moments along a line rotated by uniform angles with one another. When this line is directed to the z·axis, 8 m at site rm=(mxd, myd, mzd) can be expressed as 8m=(S cos(2;rmzd/)'), S sin (2;rm z d/)'), 0) with wavelength). of the spiral structure (the limit). -> co corresponds to the ferromagnetic case). Then; the spin coupling energies due to MDI and Hex are respectively given by 
